In 1933 Embden and, independently, Meyerhof proposed essentially the same scheme of carbohydrate metabolism for muscle and yeast. Their scheme differed markedly from that of Neuberg involving methylglyoxal, which had received general acceptance. Phosphoglyceric acid is a key intermediate in the Embden- Meyerhof scheme and its isolation from a bacterial dissimilation of glucose provided the first specific evidence of the application of the Meyerhof scheme to bacteria. Werkman et al. (1936) and Stone and Werkman (1936a , 1936b reported the isolation of this compound from various bacterial species. Previously Antoniani (1933) had shown that Escherichia coli formed pyruvic acid from phosphoglyceric acid and Tikka (1935) that the same organism fermented hexosediphosphate and phosphoglyceric acid to normal final products. Wiggert and Werkman (1937) presented additional evidence by demonstrating the initial esterification of inorganic phosphorous in the fermentation of glucose by resting cells of Aerobacter aerogenes. Werkman, Stone, and Wood (1937) further studied the dissimilation of phosphorylated esters by the propionic bacteria and showed that the final products of these fermentations were normal and also demonstrated that 0.02 M sodium fluoride stopped fermentation of these esters. Endo (1938) obtained an acetone preparation from E. coli which showed many of the general characteristics of muscle and yeast preparations, i.e., that the production of pyruvic acid from glucose was greatly stimulated by traces of hexosediphosphate as a phosphorylating agent, acetaldehyde as a hydrogen-acceptor, or addi-tion of coenzyme I as a hydrogen carrier. Still (1940) Wiggert et al. (1940) . The juice obtained by extracting the ground mass of bacteria and glass with water (or phosphate buffer) and centrifuging on a Beams air-driven ultra-* centrifuge at circa 125,000 rpm., was dialyzed for 9-12 hours in a collodion bag against distilled water at 00C.
In general the experimental procedure was as follows: 0.3 ml. of the enzyme preparation was mixed with 0.3 ml. of sodiumhydroxide glycocoll buffer (final pH approximately 9) and additions of inhibitors, etc. made. To start the reaction an addition of 0.1 to 0.3 ml. of hexosediphosphate was added plus sufficient water to make the total volume of the reaction mixture 1 ml. As a control, the same amount of hexosediphosphate was added to a similar preparation in which enzyme action was prevented by the previous addition of 5 ml. of a 4 per cent solution of trichloracetic acid. A similar quantity of trichloracetic acid, brought to the temperature of the mixture, was added to the experimental tubes after the proper incubation to stop the enzyme action without disturbing the equilibrium which had been established. The solutions were diluted to 10 ml., filtered, and inorganic phosphate in the deproteinated control and experimental solutions was measured on an aliquot by the method of Fiske and Subbarow (1925) . Dihydroxyacetone phosphate and glyceraldehyde phosphate were determined by saponifying an aliquot in N sodium hydroxide for 20 minutes at room temperature, then neutralizing and determining the increase in inorganic phosphate. The triosephosphates are saponified by this mild treatment but hexosediphosphate is not affected. Hexosediphosphate was determined by subtracting the alkali-saponifiable plus the inorganic phosphate from the total acid-soluble phosphate as determined by ashing.
Dihydroxyacetone phosphate and glyceraldehyde phosphate were differentiated by iodine oxidation. Details will be given with the data.
Hexosediphosphate was prepared from a commercial calcium salt by conversion to the sodium salt with sodium oxalate.
RESULTS AND DISCUSSION
The enzyme preparation obtained as described was found to convert hexosediphosphate into triosephosphate. The latter 'proved to be almost entirely dihydroxyacetone phosphate under usual conditions. Thus, with both aldolase and isomerase operating, the reaction is essentially:
The equilibrium constant (Keq) of the aldolase and isomerase equilibrium was calculated according to Meyerhof and Lohmann (1934a) : Keg = (moles dihydroxyacetone phosphate) (4) (moles hexosediphosphate) Meyerhof and Lohmann (1934a) showed that Kq varied from 0.18 X 10-3 at -70C. to 22 X 10-3 at 700C. These authors showed that the value of the constant at a fixed temperature was independent of the substrate concentration over a fairly wide range.
The Meyerhof (1935) The temperature range of the bacterial system is approximately 00 to 500C. at pH 9.0, rises slightly with increase of acidity but is somewhat more narrow than that of the muscle preparation. The pH range, 5.5 to 10.5, is comparable to that of muscle. At a pH more acid than 8.5, the situation is complicated by the appearance of inorganic phosphate, presumably through the action of a phosphatase. This difficulty was avoided in most of the experiments by maintaining the pH above 9.
It was considered worthwhile to try to isolate the products of this equilibrium in order that they could be examined and, in addition, could be used instead of the hexosediphosphate as the initial substrate to reverse the reaction. Meyerhof and Lohmann (1934b) isolated the triosephosphate from the equilibrium mixture by use of sodium bisulfite which forms an addition compound with the triosephosphate and displaces the equilibrium toward the 3-carbon side to increase its yield. By the use of this general method a crude preparation of triosephosphate was obtained which had 80 per cent or more of the phosphate present as the triosephosphate.
Since hexosediphosphate is converted into one molecule of each of the two triosephosphates by aldolase, 50 per cent of the triosephosphate should be present as glyceraldehyde phosphate if only aldolase is operating. If isomerase is also active, most of the glyceraldehyde phosphate will be converted into dihydroxyacetone phosphate.
Glyceraldehyde phosphate can be. differentiated from dihydroxyacetone phosphate by iodine oxidation. The former is oxidized to phosphoglyceric acid by iodine in alkaline solution, whereas dihydroxyacetone phosphate is unchanged. In the transition from glyceraldehyde phosphate to phosphoglyceric acid, the phosphate becomes non-alkali-saponifiable. Thus, iodine oxidation of a triosephosphate mixture containing glyceraldehyde phosphate causes the disappearance of alkali-saponifiable phosphate equivalent to the glyceraldehyde phosphate.
In table 3 the results of iodine oxidation of a normal equilibrium mixture are shown. In all cases less than 5 per cent of the alkali-saponifiable phosphate disappeared, indicating that 1. The enzymes aldolase and isomerase were shown to be present in a preparation obtained from Escherichia coli by grinding with powdered glass.
2. The equilibrium is shown to be independent of substrate concentration but dependent on temperature. The rate at which the equilibrium point is reached is dependent upon enzyme concentration.
3. Magnesium displaces the equilibrium toward hexosediphosphate but sodium fluoride and iodoacetic acid are ineffective.
4. Iodine oxidation of triosephosphate obtained from an equilibrium mixture showed that 95 per cent or more of the triosephosphate was dihydroxyacetone phosphate. Similar treatment of triosephosphate isolated by bisulfite addition showed 55 per cent to 70 per cent of the mixture was glyceraldehyde phosphate.
5. The equilibrium was shown, by shifting the temperature and by changing the substrate concentration, to be truly reversible.
6. All the evidence obtained indicates that the bacterial enzymes are identical with those in muscle and yeast. The results constitute further evidence of the applicability of the EmbdenMeyerhof scheme of glycolysis, in principle, to bacterial dissimilation of carbohydrate.
